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ABSTRACT

The essential oils of leaves of J. virginiana were collected and
analyzed as fresh vs. air dried and stored at ambient conditions (21° C)
for up to 25 months before extraction. Changes occurred between
months 8 and 25, implying loss due to volatilization and oxygenation.
However, for taxonomic analysis involving species closely related to J.
virginiana, the variations in the oils due to storage were minor. It
appears that the oils from dried specimens can be used for studies
among species with large differences in the essential oil compositions.
Nevertheless, the present study does raise questions about the
unexpected changes in leaf oils from specimens stored between 8 and
16 months. Phytologia 93(1) 372-383 (December 1, 2012).

KEY WORDS: Juniperus, oils from dried leaves, storage tests,
chemosystematics.

In a previous study (Adams, 2010), leaves of Juniperus
pinchotii Sudw. and J. virginiana L. were air dried (as herbarium
specimens) and the oils analyzed from fresh vs. stored (ambient lab
conditions, 21° C) specimens (stored for up to 8 months before
extraction). The leaf oils of both species proved to be remarkably
stable. For J. virginiana, ANOVA of 58 components revealed only 9
significant and 4 highly significant differences among the 7 sample
sets. PCO of the samples showed some clustering by length of storage,
but with considerable intermixing of samples.
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However, in a more recent study on leaves stored for 16
months (Adams, 2011), ANOVA of 58 components revealed 4
significant and 19 highly significant differences among the 8 sample
sets, with the major changes occurring between 8 and 16 months
storage. PCO of the samples showed the 16 mo. samples to be clearly
clustered. In contrast to the previous 8 mo. study (Adams, 2010),
unexpected changes in the oils raised concerns about mixing analyses
of oils from fresh, recently dried and 16 mo. stored leaves of Juniperus
for chemosystematic studies

Achak et al. (2008, 2009) compared the leaf essential oils from
fresh and air dried (22° C, 16 days) leaves of J thurifera L., J.
phoenicea L. and J. oxycedrus L. and found only small differences.

The purpose of the present study is to report on changes in the
composition of the steam distilled leaf oil of J. virginiana from
specimens stored for 25 months.

MATERIALS AND METHODS

Plant material - J. virginiana, Adamsl1768, cultivated, nw corner of
Gruver City Park, Hansford Co. TX, initial bulk collection: 23 Apr
2009. Voucher specimen is deposited in the Herbarium, Baylor
University (BAYLU).

Isolation of oils - Fresh (100 g.) and air dried (10-15 g) leaves were
steam distilled for 2 h using a circulatory Clevenger-type apparatus
(Adams, 1991). The oil samples were concentrated (diethyl ether trap
removed) with nitrogen and the samples stored at -20° C until analyzed.
The extracted leaves were oven dried (48h, 100° C) for the
determination of oil yields.

Analyses - The oils were analyzed on a HP5971 MSD mass
spectrometer, scan time 1/ sec., directly coupled to a HP 5890 gas
chromatograph, using a J & W DB-5, 0.26 mm x 30 m, 0.25 micron
coating thickness, fused silica capillary column (see Adams, 2007 for
operating details). Identifications were made by library searches of our
volatile oil library (Adams, 2007), using the HP Chemstation library
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search routines, coupled with retention time data of authentic reference
compounds.  Quantitation was by FID on an HP 5890 gas
chromatograph using a J & W DB-5, 0.26 mm x 30 m, 0.25 micron
coating thickness, fused silica capillary column using the HP
Chemstation software. For the comparison of oils obtained from leaves
stored for various periods, associational measures were computed using
absolute compound value differences (Manhattan metric), divided by
the maximum observed value for that compound over all taxa (= Gower
metric, Gower, 1971; Adams, 1975). Principal coordinate analysis was
performed by factoring the associational matrix based on the
formulation of Gower (1966) and Veldman (1967). Principal
Components Analysis (PCA) as formulated by Veldman (1967) was
performed to examine correlations between components.

RESULTS AND DISCUSSION

Table 1 shows the composition of the leaf oils of J. virginiana,
and a comparison of components over the 25 month storage period. In
contrast to the previous study of 16 mo. (Adams, 2011), the percent oil
yield did decline (significantly) in the 25 mo. sample (Table 1). It is
unclear why there was no decline during the first 16 mo. of storage.
Shanjani et al. (2010) reported that o-pinene (the major and most
volatile component) declined from 23.9 to 14.2% when the foliage of J.
excelsa was air dried. Achak et al. (2008) found oil yields to be greater
from fresh than air dried leaves from 2 populations of J. thurifera var.
africana, but with a lower yield in another population. Later, Achak et
al. (2009) reported lower oil yields in dried leaves of J. thurifera var.
africana and J. oxycedrus, but a much higher yield from dried leaves of
J. phoenicea.

The compounds (as percent total oil) are remarkably stable
during the drying and storage tests for the first 8 months but there are
major changes between 8 and 25 months storage tests. In the tests up to
8 months storage, only 9 compounds significantly differed, and only 4
compounds differed highly significantly (Adams, 2010). However,
distillation of leaves stored for 25 months revealed | significant and 30
highly significant differences (Table 1). Several compounds had large
declines in concentration from 8 to 25 month: sabinene (17.6, 10.24),
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limonene (14.6, 10.7), B-phellandrene (9.7, 7.1) and germacrene D-4-ol
(3.8, 3.6). In contrast, several compounds increased: safrole (9.9, 10.7),
methyl eugenol (2.2, 2.6), elemol (5.8, 10.6) and 8-a-acetoxyelemol
(10.7, 11.8). Figure 1 (upper) shows the major compounds that
declined. Notice that sabinene, limonene, and j-phellandrene show
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Figure 1. (upper) Changes in concentration (% total oil) for four major
components that declined during leaf storage. (lower) Changes in

concentration (% total oil) for four major components that increased
during leaf storage.
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similar patterns. Pregeijerene B shows a gradual decline from 1 month
to 25 months.

The patterns for four of the major components that increased
during the study are shown in figure 1 (lower). Safrole and methyl
eugenol (both from the phenyl propanoid pathway) show similar
patterns along with elemol. However, 8-a-acetoxyelemol (dashed line,
Fig. 1, lower) increased from fresh to week 1, then declined, then
increased to 2 month, then declined, then increased in month 16, and
finally decreased in the final, 25 month, sample.

The leaf essential oils in Juniperus are stored in leaf glands.
In J. virginiana, the leaf glands are generally not ruptured and often
sunken beneath the waxy cuticle. With the loss of the more volatile
monoterpenes and concurrent increase in the sesquiterpenes and
diterpenes (Table 1), volatilization seems to be a factor in the changes
in composition. The compounds showing the greatest increases (as
percent total oil, Fig. 1, lower) are all oxygenated compounds. It seems
possible that free radical oxygenation may occurring leading to an
increase of these oxygenated compounds.

To estimate the impact of the utilization of oils from fresh
versus dried and stored leaves, principal coordinates analysis (PCO)
was performed. The PCO (Fig. 2) shows the major trend is the
separation of the 16 mo. and 25 mo. samples on axis 1 (33% of the
variance among samples). Overall, the samples stored from 1 wk. to 8
mos. seem to form a fairly uniform group.

To determine the utilization of oils from dried J. virginiana
specimens in a taxonomic study, J. virginiana oils were compared with
oils of J. scopulorum (Durango, CO), J. blancoi (Durango, MX), J. b.
var. huehuentensis (Durango, MX) and J. b. var. mucronata (Maicoba,
MX). The resulting PCO ordination (Fig. 3) shows that most of the
variation (43%, axis 1) due to the separation of J. virginiana from the
very closely related J. scopulorum and J. blancoi. It appears that for
taxonomic use, the changes seen in months 16 and 25 are minor as
compared to differences in the oils of closely related species.
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Figure 2. PCO of 9 sample sets ranging from fresh to storage for 25
months at ambient herbarium conditions (air conditioned, 21°C).

CONCLUSIONS

In this study, ANOVA revealed | significant and 30 highly
significant differences among the 9 sample sets, with the major changes
occurring between 8 and 25 months storage. PCO of the samples
showed the 16 and 25 mo. samples to be clearly clustered. In contrast
to the previous 8 mo. study (Adams, 2010), unexpected changes in the
oils raise concerns about mixing analyses of oils from fresh, recently
dried and 16 or 25 mo. stored leaves of Juniperus for populational
chemosystematic studies. However, for taxonomic analysis involving
species closely related to J. virginiana, the variation in the oils due to
storage appeared to be minor. It appears that the use of oils from dried
specimens can be used for studies among species with large differences
in the essential oil compositions. Nevertheless, the present study does
raise questions about the unexpected changes between 8 and 16 months
of herbarium storage. It may be difficult to predict the stability of leaf
essential oils in specimens over long periods of storage.
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Figure 3. PCO of 9 sample sets of J. virginiana plus the oils of J.
scopulorum, J. blancoi, J. b. var. huehuentensis and J. b. var.
mucronata. Note the close clustering of all the J. virginiana samples.

ACKNOWLEDGEMENTS

Thanks to Art Tucker and Billie Turner for reviews. Thanks to
Tonya Yanke for lab assistance. This research was supported in part
with funds from Baylor University.

LITERATURE CITED

Achak, N., A. Romane, M. Alifriqui and R. P. Adams. 2008. Effect of
the leaf drying and geographic sources on the essential oil
composition of Juniperus thurifera L. var. africana Maire from the
Tensift -Al Haouz, Marrakech region. J. Essential Oil Res. 20: 200-
204.



Phytologia (December 2012) 94(3) 379

Achak, N., A. Romane, M. Alifriqui and R. P. Adams. 2009. Chemical
studies of the leaf essential oils of three species of Juniperus from
Tensift Al Haouz-Marrakech Region (Morocco). J. Essential Oil
Res. 21:337-341.

Adams, R. P. 1975. Statistical character weighting and similarity
stability. Brittonia 27: 305-316.

Adams, R. P. 1991. Cedar wood oil - analysis and properties. in
Modern Methods of Plant Analysis: Oils and Waxes. Edits., H. F.
Linskins and J. F. Jackson, pp. 159 - 173, Springler-Verlag, Berlin,
Germany.

Adams, R. P. 2007. Identification of essential oils by gas
chromatography/ mass spectrometry, 4th edition. Allured Publ.,
Carol Stream, IL, USA.

Adams, R. P. 2010. Chemosystematics of Juniperus: Effects of leaf
drying on essential oil composition. Phytologia 92: 186-198.

Adams, R. P. 2011. Chemosystematics of Juniperus: Effects of leaf
drying on essential oil composition II. Phytologia 93: 51-62.

Gower, J. C. 1966. Some distance properties of latent root and vector
methods used in multivariate analysis. Biometrika 53: 326-338.

Gower, J. C. 1971. A general coefficient of similarity and some of its
properties. Biometrics 27: 857-874.

Shanjani, P. S., M. Mirza, M. Calagari and R. P. Adams. 2010. Effects
of drying and harvest season on the essential oil composition from
foliage and berries of Juniperus excelsa. Industrial Crops and
Products 32: 83-87.

Veldman, D. J. 1967. Fortran programming for the behavioral
sciences. Holt, Rinehart and Winston Publ., NY.



Phytologia (December 2012) 94(3)

380

u

w
u
u

xx

*%

X
xx

su
*x
x¥

xx

su

*x

1
90
90

¥'0
80

L0
V'L
L0l
v0
¥'0
€0
¢0
c0
veol
}
v0
€0

G0
90

90
08
Ll
¥'0
v0
€0
¢0
¢0
€€l
}
S0
v'0

1
S0
€0

L0
S0

S0
L6
9vl
¥0
60
¥'0
S0
€0
9Ll
1
80
S0

¢0

}
L0
€0

80
90

90
G'6
vyl
v'0
L0
€0
L0
¢0
6.1
}
90
v0

¢0
S0
€0

L0
90

S0
6L
ovi
€0
S0
¥0
L0
¢0
GGl
}
S0
¥'0

€60 G50 €50 950 8¥0

}
S0
¢o0

L0
G0

90
6
8¢l
¥0
G0
€0
80
Al
Ll
}
L0
S0

¢0
90
¢0

80
S0

S0
vol
96l
€0
90
v0
Lb
€0
86l
1
60
S0

1
€0
¢0

L0
S0

S0
€6
¢yl
€0
90
€0
60
¢0
Ll
1
L0
v0

}
v'0
€0

80
S0

90
96
vyl
v0
90
G0
¢l
¢0
08l
}
L0
¥'0

160 8¢'0 ¢S50 SS0O

|0-1-ua
-Z-yiuaw-d-sio gl ||
|eueuou-u 001
|oojeul] 2601
alelpAy
auauiqes-sues} 9601
ausjouldsa) 9g01L
alelpAy
SUaUIQEeS-SIO G901
auauidisl-4 $G0oL
suaipuejiayd-g Gzol
suauowy HzZ01L
auauidial-o 10|
auales-¢ 8001

GLL'SY'.8'Y. 066
suaolAw 896

ausuid- v/6

ausuIges 696
3UBYOUB-O GhB

auauid-0 zgs

auslnyy-o 426
piaiA usoiad

DS J OWGe OWg| OWg oWy OW g

OW [ SMZ M [ Usal)

punodwod Y]
‘pPa1S8) 10U = U

‘JUeDIUbBIS UOU = SU ‘,, = 100 =d ‘x = GO0 =d ‘@oueoliubis onel 4 = Bis 4 "D oLz 1e paIols pue paup
SOABD| 'SA eueluibia 1 JO SBABS| YSaJ) WOl S|Io jes| Jo uonisodwod ayy jo uosiiedwo) | 8|gel




381

Phytologia (December 2012) 94(3)

« 91 0L 60 60 80 0L 80 /L0 80 ausuIpes-Q ZzZG1
« 80 S0 v0O SO0 G0 90 S0 #0 €0 ausulpes-i ¢1G|
W 0o €0 €0 20 ZO0 €0 2O 20 2O ausjoNNW-0 0OS)
W €0 €0 20 TO0 20 20 20 2¢O 2o |0gagno-1da |6t
W 90 <20 ) Z0 | } } } ] aualp-S'(y L)y
-2|oJNNW-sI0 GOy |
U 90 €0 €0 €0 €0 TO €0 €0 €0 JnewoJe
‘8/L'6YL'GOL'EY LbL
ool ) ) | | | | ) } aug|Aydolies-(3) 2Ll
« 92 ST 27T 0T €7 LT 9L 0¢ Pz |ousbns|Ayiew govl
W) } } ] } ] ) ) 1 oeeoe |Auessb /€L
VIS ) ) 1 } } ] ] 1 3)ejaoe |Ajjauoio 0GEL
wool ] ) L0 L0 3} ! 1 1’0 sjeuelsb |Aylpw zzgl
« LOL L'LL 66 S8 00L 60L 96 L6 9l 8|joles g8zl
« 9V T8 €8 18 ¥6 90L 0L LV z0l gousiehebad yzL
W 0 €0 €0 PO €0 ¥0 €0 ¥0 ¥O Jnewole
'21'18'€2L'TST 192)
W Zo ) 1 Z0 20 1 ) ) Z0 [0]j3U0ID €221
woo] ] 1 20 20 2O ¥} ZO L0 |o%nAeyd Ayiow GG
e ) ] } ] ! 1 ] } |[osuidia}-0 98|
« Gl S1L 60 ¢l LI 60 80 80 €¢I [0-p-uauidia) /| L
W zo ) ) ) ] } } } Z0 [g]]ouoo gL L
wo) } } } ) ) ) } 1 [0-L-ua-g
-yjuaw-d -suels} 9¢| |
c_m 4 owggow g, ouw w oW oWy OW | MYMZ XYM | r_mm.c UCDOQEOQ IM




Phytologia (December 2012) 94(3)

382

« 90 G0 €0 ¥0 ¥0O 2O €0 €0 vO |ejoige-lde- 862¢
g ] ! ) ) ) ) 1 ) ) auaipejaige /80T
« G0 ¥0 €0 €0 €0 €0 ¥ 20 20 ‘0LZ'lELI8'L¥ ¥S0T

« 8L ¥ZL L0l SOL €CL S2L €9 €6 L8 [owsja
-Ax0}90E-1-8 26/ 1

Ju €0 €0 €0 €0 €0 20 20 €0 20 Iowsakxojaoe
-0-g 0} 0SI 19/
wo 1 €0 ¥0 €0 + 20 1} 1 [OIpows|e-| |-P-8 gp/L
wo) ) } g0 cC¢o 1} ] ) ] loungoAys 889l
« ¢0 G0 90 S0 G0 €0 ¥0 ¥O0 SO |josauing 09}
« 0L L 2L VL 0L 0L 80 0L Ol [ouIped-» 2g9)
« €1 60 80 0 20 90 90 L0 90 jowsspna-v zgg|
« 0L 20 90 90 20 S0 ¥0 S0 O lowsapna-g 6v9|
« 80 80 /0 90 90 /L0 S0 90 90 Iojoinnw-n-ids gegl
« 80 60 90 90 90 90 S0 90 90 |ouipea-n-de 8g9|
Ju €0 20 CTO0 €0 €0 €0 20 €0 €0 [owsspna-A 0g9l

« 9¢€ ¥E&€ 8¢ 0¢€ G¢&€ 9 ¥E€ vEe 8¢ |0-p
-g-auaneuwlssb /6L

w3 1 }1 20 €0 2¢0 20 ¥ 20 sjeozuaq
|Auaxay-(zg) Gogi
« G0 /0 L L0 60 80 G0 80 80 ulIWsle GGl
« 90l 88 8§ GG v¥G6 7L LS €S 1§ jows(d® gyGiL
w9 ) 1 | ] } } €0 1 |0-}|-usedoo-0 fEGYL
U_m 4 owgg ow m_‘ ow w owy oweg ow | MM XM | ysal Uc:OQEoo ™M




383

Phytologia (December 2012) 94(3)

‘papodal Jou ale %G 0 UBY} SS8| Sjusuodwod paynuspiun (3) Saoel} Se pajousp ale %0
uey) sss| senjea [euonisodwo) uot (%001) 8seq sy} SI (paulapun) uoj 1Sy 8y “palsi| suol Jofew
ay} aAey spunodwod payinuapiun (2002 ‘SWepY 98S) UWN|od G-gd uo (Jeaul}) xapuj S}eAoy = |M

=« 90 10 ) } } } 1 } 1 Suo-¢
-usip-¢|‘/-Eleiqe Z1€¢
BISJ OWGZOW g OWg OWy OW g OW | YMg M| Usal punoguwod |




